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The electrical conductivity of thermally evaporated B 2 0 3 -Li 2 0 thin films has been studied over wide frequency and tempera- 
tures ranges. The ionic conductivity increases with increasing Li content and exhibits a maximum value for B 2 03-3Li 2 0. The 
electrode polarization effects contribute at low frequency. The conductivity-frequency dependence shows the presence of a distri- 
bution of the relaxation times. An equation relating the conductivity a [DJ , the high frequency dielectric constant e w and the relax- 
ation time <t> is verified experimentally for the films B 2 0 3 -Li 2 0. 



1. Introduction 



Ionic conductors or solid electrolytes character- 
ized by their high conductivity have attracted a great 
deal of attention because of their promised utility for 
solid state batteries [1,2]. Recently, solid state mi- 
crobatteries have been constructed and investigated 
[3,4], research on lithium conducting solid electro- 
lytes in thin films form is of particular interest to this 
area. The high ionic conductivity, the wide compo- 
sition range possible with films, and the relative 
chemical stability to alkali metals, have been some 
of motivations for these studies. 

This paper reports the preparation procedure and 
characterization of glassy thin films obtained in the 
B 2 O 3 -o:Li 2 0 with 0.7^x^5. A conductivity of about 
5x 10" 8 ft -1 cm -1 at room temperature is obtained 
for the B 2 0 3 -3Li 2 O. Ito et aL [5] have studied the 
same composition range as that in this work. They 
have determined their thin film compositions using 
induction-coupled argon plasma spectroscopy 
(ICPS) and have indicated no significant change in 
composition between the films and the starting ma- 
terials. As long as the substrate temperature is low, 
i.e. in the range of 25-200° C, and the temperature 
of the evaporation source is below 1200°C, the lith- 
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ium content in the films is very close to that of B 2 Or- 
Li 2 0 in the evaporation source [6]. 

The evaporation dependence of ionic conductivity 
in B 2 0 3 -xLi 2 0 thin films is studied. The relation- 
ship between dc conductivity and the relaxation time 
are reported and discussed. Both the dc and ac con- 
ductivity mechanisms are controlled by one activa- 
tion energy and the same value is found for the two 
processes. 



2. Experimental 

Binary B 2 0 3 -Li 2 O thin films were prepared by a 
vacuum evaporation process. The starting materials 
were high purity powders Li 2 0 and BLi0 2 (Alpha- 
Ventron). Required molar ratios were weighed and 
mixed in a mortar. The films were prepared by evap- 
orating small amounts of the mixture (0.5 g) in a 
molybdenum boat designed with a special chimney 
to avoid priming of drops. Its temperature, stabilised 
for two to three minutes at 1100°C, was measured 
by an optical pyrometer during the evaporation pro- 
cess. Films 0.1-0.5 \im thick were deposited onto 
amorphous silica substrates with the evaporation rate 
estimated to be from 60 to 200 nm/min. It has been 
demonstrated elsewhere [7] that the best conditions 
of borate film formation is obtained with substrates 
at room temperature. The structural analysis by in- 
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Fig. 1. Structure of the Au /glass/ Au thin film cell for electrical 
measurements. 

frared absorption shows that films exhibit similar 
transformation of boroxol rings into triborate cycles 
with the increase of lithium oxide compared with 
bulk glasses. 

A sandwich structure was obtained by successive 
deposition of gold and electrolyte glass as shown in 
fig. 1. Hie inter-planar geometrical arrangement was 
realised using several masks. Au, Al or Ni metal films 
have been utilized as the blocking electrodes. The 
distance between electrode planes which is equal to 
the electrolyte film thickness has been measured by 
means of the double beam interferometer method. 
Electrical measurements were carried out using an ac 
technique with a vector impedance meter model HP 
4 1 92A LF with frequency range of 5 Hz up to 10 
MHz. The temperature range of measurement was 
from 20 to 100°C. Special precautions were taken by 
placing the cell in a dry chamber under purified ar- 
gon atmosphere. 



3. Results and discussion 

The complex impedance measurements are ob- 
tained as a function of the applied frequency and 
permit to access to physical quantities such as the 
dynamical conductivity a(co), and the permittivity 
by the following equations 



Z*(a>)=l/y*(6>)> 
o*(co)=LS- l Y*(co) , 
e*(cD)=o*(a))/iaj , 



(1) 
(2) 
(3) 



where co is the angular frequency, S the electrode area, 
L the sample thickness. From the knowledge of the 
complex impedance Z*(o>) of the material, one can 
deduce the complex conductivity o* (co) using eq. (2 ) 
and the ionic conductivity which is the real part of 
o*{co) 
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Fig. 2. Complex impedance plot showing semi-circular arcs for 
three temperatures of the BLi0 2 thin films: (a) 72, (b ) 80, and 
(c) 95°C. 



ai~Re(o*) = € x co Im(e*) , 



(4) 



where e v is the permittivity of the free space. 

Fig. 2 shows the complex impedance plane for 
BLi0 2 films obtained with substrate at room tem- 
perature for three different temperatures of the sam- 
ple. The complex plane spectrum consists of the two 
parts: a high-frequency region due to the electrical 
properties of the bulk and a low frequency region 
characterized by a near vertical line due to a surface 
layer polarization. The high-frequency region can be 
approximated as a semi-circle in order to determine 
the real part of the complex impedance Z' [0) which 
corresponds to the ionic conductivity a m of the 
material 



(5) 



The circular part is obtained by non-linear least 
squares fit. The frequency of the experimental points 
chosen to the fitting procedure were sufficiently high 
so as not to be influenced by the electrode polari- 
zation. The values of the ionic conductivity obtained 
by this method are listed in table 1. The relaxation 
frequency that corresponds to the semi-circle max- 
imum was also approximated. Fig. 3 shows the vari- 
ation in the ionic conductivity for BLi0 2 thin films 
versus inverse absolute temperature using three kinds 
of cell electrodes. At room temperature the ionic 
conductivity of alkali-oxide thin film appears to be 
10~ 8 n _1 cm* 1 with an activation energy of 0.64 eV. 
Nickel electrodes give rather unstable samples the 
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Table 1 



Composition of B2O5-XL12O thin films, relative permittivity e^, and €<>, ionic conductivity at 300 K and activation energies E m values of 
pre-exponential factor of the average relaxation <x> time and activation energies E <r> . 


Composition 














£0 


starting material 


(S/cm) 


(eV) 


(eV) 


(s) 








BzOj+O^UO 


1.9X10- 10 


0.80 


0.79 


2x10" 


-16 


8.0 


19 


BLi0 2 


9.3X10- 10 


0.73 


0.73 


5X10" 


-16 


9.0 


20 


(B 2 0 3 +Li 2 O) 
















0.66BLiO 2 +0.33Li 2 O 


2.7 X10- 9 


0.71 


0.71 


3x10- 


-16 


7.3 


21 


(B20 3 +2Li 2 0 
















0.5BUO2+0-5U 2 O 


4.5X1Q- 8 


0.62 


0.62 


9X10- 


-16 


14.0 


30 


(B 2 0 3 +3Li 2 O) 

















T 




' l 1 1 I 1 . 1 1 I 

13 3.0 3.5 

1000/T (K" 1 J 

Rg. 3. Conductivity of BLi0 2 thin films versus inverse absolute 
temperature using electrodes of Au (a), Al (b) and Ni (c). 

resistance of which can change two to three times 
when the amplitude of the sinusoidal voltage is 
changed- Aluminium electrodes show a lower con- 
ductivity because oxidation of aluminium cannot be 
avoided, also nickel or aluminium can form alloys 
with lithium and, in these cases, the electrodes are 
not blocking electrodes for Li ions. 

Fig, 4 presents the frequency dependence of the 
conductivity at various temperatures of the BLi0 2 
thin film using the set-up of fig. 1. At low frequencies 
(f< 1 kHz) we observe an electrode contribution in 
which the charges are not transferred across the elec- 




Frequency (Hz) 



Fig. 4. The frequency dependence of real part of the conductivity 
for BLi0 2 thin films at various temperatures: (a) 44* C, 58° C, 
(c) 72 C C, (d) 80-C, (e)91*C,and (f) 92°C. 

trolyte-electrode interface. In the intermediate fre- 
quency region the conductivity is almost frequency 
independent In the higher-frequency domain the 
conductivity increases as the frequency increases. The 
conductivity values around the relaxation frequency 
are found to satisfy Jonscher's empirical relation [ 8 ] 

o(co)*Ao)\ (6) 

where A is a constant and generally one should have 
0.5 *S 0.7 for B 2 0 3 -xLi 2 0 thin films. 

The migration of mobile ions is described by the 
conductivity relaxation time formalism [9]. The ex- 
istence of the distribution of the relaxation times in 
disordered solids is commonly accepted [9-11]. The 
mobility at zero frequency of an ion is determined 
by the probability that a series of many jumps will 
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occur. In this process the ion samples all the time 
constants and the probability of a jump is propor- 
tional to <t>~ ! . At high frequencies only a few ions 
perform more than one jump, and the probability that 
a single jump will occur is now proportional to < 1 / 
t>_ The total dispersion of the conductivity relaxa- 
tion, cr r =a (ool -<r (0J is given by [9] 

a r = € v € 00 (<l/T>-l/<T>) , (7) 

where e^, is the high frequency limit of the dielectric 
constant. The average for the /mh moment of relax- 
ation time is defined by 



oo 

:j0T(T)dT, 



(8) 



with m— — 1 or 1 and where g(r) corresponds to the 
normalised distribution function of the relaxation 
times. The conductivity dispersion is very much de- 
pendent on the nature of g(r). In the single relax- 
ation time where g(r) = 8(t— t 0 ), we get <1/ 
t> = <r>~ ! so that a t vanishes. As the distribution 
function becomes broader, the magnitude of the con- 
ductivity dispersion increases. The fact that, the con- 
ductivity dispersion (fig. 4) in B 2 0 3 -Li 2 0 thin films 
occurs shows that the relaxation described by a sin- 
gle exponential decay is not suitable [12]. 

Fig. 5 presents the variation of the ionic conduc- 
tivity versus reciprocal temperature for different al- 
kali oxide concentrations in B 2 0 3 -Li 2 0 films. These 
results are in good agreement with the classical Ar- 
rhenius law and activation energies are reported in 
table 1. Fig. 6 shows the variation in the ionic con- 
ductivity at 300 and 357 K as a function of the alkali 
oxide content in B 2 0 3 - xLi 2 0 films. The values of 
lithium oxide content x are those of the starting ma- 
terial. Ionic conductivity increases with increasing 
Li content and reaches a maximum at a ratio Li/ 
(Li+B) of 0.75. The maximum conductivity has 
value of 5xl0~ 8 cm" 1 at room temperature. 
The activation energy of the ionic conductivity de- 
creases with increasing Li content. To our knowledge 
no complex impedance data have been reported for 
such high alkali content B 2 0 3 -Li 2 0 bulk glasses. 
There is only one paper [5] concerning electrical 
measurements in the co-planar geometry of films with 
the same compositions as in this work. We found 
much lower conductivity variation with composi- 




1000/T tK _1 ) 



Fig. 5. Temperature dependence of conductivity aj 0 j in B 2 Oj- 
jcLi 2 0 evaporated thin films for different concentrations in lith- 
ium oxide. 




0 05 10 

x = U/(LhB) 

Fig. 6. Variation in the ionic conductivity of B2O3-XU2O thin 
films at 300 and 357 K as a function of Li content in starting 
material. 



tion and approximately the same value for the max- 
imum of the conductivity at x=0.75. 
The electric modulus formalism is frequently used 
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Table 2 

The mean relaxation time compared with the approximated by 1 /2jif ra ^^ value UL** the maximum of the imaginary pan of the electric 
modulus peak), the calculated and experimental values of the conductivities at 56°C of BjOj-jcLijO thin films. 



Composition 


<T> 










(s) 


is) 


(S/cm) 


(S/cm) 


B 2 O 3 +0.7Li 2 O 


2.38X10- 4 


1.75 XlO-« 


3.01 X 10-' 


2.56XI0- 9 


BLiO, 


6.31 XIO- 5 


5.07 XIO" 3 


I.27X10-* 


1.33XI0- 8 


0.66BLiO 2 + 0.33Li 2 O 


4.65X10" 5 


3.21 X10- 5 


L40X10-* 


1.34XI0-* 


0.5BLiO 2 +0.5Li 2 O 


3.39XI0- 6 


2.95X10" 6 


3.60X10- 7 


3.50X10-' 




1000/T (K" 1 ) 



Fig. 7. Temperature dependence of the inverse average relaxa- 
tion time for B 2 0j-.vLi 2 0 thin films for different concentrations 
in lithium oxide. 



in analysis of frequency-dependent phenomena. This 
formalism permits one to calculate the mean value 
of the relaxation time and frequency limit of the di- 
electric constant even when the experimental data is 
strongly influenced by electrode effects. The distri- 
bution function appropriate to the relaxation in bo- 
rate thin films glasses is to be published [12]. The 
zero frequency conductivity can be deduced using 
the second term of the right-hand side of eq. (7). 
These conductivity values (table 2) are more precise 
than the ones found by the complex plane method. 
The relative permittivity at low and high frequency 
limits has been calculated (table 1 ). The value 8 
for the B 2 O 3 -0.7 Li 2 0 thin film is similar to that 
found for bulk glass of B 2 O 3 -0.67 Li 2 0 composition 
[13]. The average value of the relaxation time cal- 




Fig. 8. The linear relation between average relaxation time of 
B 2 0j-xLi 2 0 thin films and inverse conductivity. 



culated by eq. ( 8 ), can be approximated by the value 
2rc£nax, where / max is the frequency of the maximum 
in the imaginary part of electric modulus versus fre- 
quency function. The dispersion and the high values 
from 10~ 3 to 10~ 6 s of the conductivity relaxation 
time are observed in B 2 0 3 -Li 2 0 films. Fig. 7 shows 
the average relaxation time versus reciprocal tem- 
perature. The activation energies are reported in ta- 
ble 1. The close similarity between the values of E a 
and £ <T> indicates that the movement of the alkali 
ions is responsible not only for dc conductivity but 
also for the relaxation effect. This relaxation effect 
is governed by a wide distribution of the relaxation 
times. The linear relation between average time and 
inverse of the conductivity a I0 ) for all compositions 
of the B 2 0 3 -Li 2 0 thin films and all temperatures, is 
verified in fig. 8. This relation is often found in ho- 
mogenous dielectrics and inhomogeneous conduc- 
tors [9,10,12,15]. The observed bulk conductivity 
exhibits a frequency dependence if cr, oca , varies from 
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one micro-region to the other. The scattering of the 
local conductivity due to the heterogeneity is attrib- 
uted to a corresponding dispersion of the activation 
energy [11,14]. 



4. Conclusion 

This paper describes the preparation conditions of 
the B 2 0 3 — Li 2 0 thin films and studies on their elec- 
trical properties. The conductivity increases as the 
Li content increases and reaches the conductivity 
value of the order of 5x 10~ 8 Q" 1 cm" 1 at room 
temperature for B 2 0 3 -3Li 2 0 composition in the 
starting material. 

A wide range of conductivity relaxation times ap- 
pears to be a characteristic of the disordered state as 
well as of amorphous materials. Arrhenius plots of 
the a I0] value and the average time <r> relaxation 
give essentially the same activation energy. Finally, 
the proportionality between o m and the average time 
<t>, has been verified experimentally to be inde- 
pendent on the temperature and chemical compo- 
sition in binary system B 2 0 3 -Li 2 0 thin films. 
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( i2) OHHCAHHE H30BPETEHHH 

K aBTOpCKOMy CBHfleTejIbCTBy 
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(71) OflefieHMe HHCTMTyra xwMmecKOM 4m3mkm AH 
CCCP, HHCTvuyT 6MOopraHMsecKo(i xwmmm 
MM.M.M.LUeMHKMHa 
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BH; BapKanoB MM; Obhmhhmkob IOA; fonbAaHCKM 
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AOBaHwe paAnauwoHHOw nonnMepusautin TeTpacJno- 
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BAHHOFO KPEMHE3EMHOrO COPBEHTA 

(57) H3o6peieHne othocmtch k xHMWM.ecKM moamcJm- 



qupoBaHHWM KpeMHe36MHWM cop6eHT3M am xpoMa- 
Torpacfrwu m no3BOPReT noBbicwb aACopSuuoHHyio 
eMKOCTb n CHM3MTb Heo6paTMMyK) cop6unK> 6nononu- 
MepoB. KpeMHe3eM BaKyyMwpytoT b aMnyne npH 573 K 
m 10~ 3 Topp n HanycKaWT 030H H3 pacseia 1 r Ha 1 0 r 

Kp6MHS36Ma. BblA6p>KHBaK)T npW K0MH3TH0H TeMne- 

paiype 5mm yAajifWT neiynne npoAyKTW npw 200 - 
400 K noA BaKyyMOM. Ao6aanRK>T nepc})TopMOHOMep 
(TeTpa^TopsTMneH, reKcacfrTopnponMneH unw ero am- 

Mep) M3 pacMeia 0,01-0,05 t/m 2 noBepxHOc™ hocm- 
xena BuAepwuBaioT ao npeKpameHMH naAeHHfl AaB- 
neHHA b oiaeMe w yAanaiOT m36wtok MOHOMepa Am- 
nyny BaxyyMMpyKn ao 10~ 3 Topp w HarpeBaiOT ao 605 
- 620 K co CKopoabK) 0.5 - 1.0 rpaA/Mwa Bbwep- 
>KHBaK)T npn 605 - 620 K 15 - 20 mmh m ox/iawAaiOT 

AO K0MH3TH0M TeMfiepaTyptd CO CKOpOCTbK) 0.1 - 02 

rpaA/MMK 1 Ta5a 



3 



1839325 



H3o5peTeHne othocwtc* k xiiMunecKH mo- 
AM(f>MqwpoBaHHbiM Kp6MHe3CMHbiM cop6eH- 
TaM A/in xpoMaTorpa4>MM w Mo>xeT 6bifb 
Mcnonb30B3H0 aha pa3Ae/teHwa, xoHueHTpw- 
poeaHMA m ohwctku 6nononnMepoB, 

Ue/ibKD n306peTeHnn ae/raeTca noBwwe- 

HWte aACOp5UMOHHOV1 SMKOCTM W CHH>K6HMe He- 
06paTHM0t^ COpDUMM no OTHOWeHHK) K 

6nonomiM.epaM. 

CyiqHocTb n3o6peTeHwa 3aK/i>0HaeTc« b 
c/iefly»ou4eM. ; . , 

KpeMHe3eM. b. Bw6paHHOM xo/insecTBe c 
M3BecTHOM"yfle/ibHo« noBepxHOdbK) n A^a- 
M6TpoM nop noMeiuaK)T b creK/iflHHyrc aMny- 
/iy. npncoeAHH«K>T k saKyy'MHOfi ycTaHOBKe. 
AMny/ry HarpeBa»OT b necMaHOrt 5aHe ao TeM- 
nepaTypw 573 K'npu OAHOBpeMeHriOM Baxyy- 
MnpoBaHMn ao ocTaTOMHoro AaB/ieHwa 10" 3 
Topp m 3ano/iHHK)T 030HOM m pacMeia 1 r Ha 
10 r KpeMH63GMa. CucTeMy b w Ae p>km b b\ot 5 m 
npn KOMHaTHOfi TeMnepaType, w Henpopearu- 
poBaBiiiMM 030H h /leTynue npoAyKTbi peaKMMM 
030Ha c KpeMH636M0M yAa/iafOT BaxyyMwpo- 
BaHneM npw 200-400 K. Hoc/ie 3Toro b cwcre- 
My Ao6aB/iflK)T nep4>TopMOHOMep (0,01-0,5 
na 1 m noeepxHocTM KpeMne3eMa), BbiAep>xn- 
saiOT ao npeKpaiueHHA naASHMfl AaB/ieHWfl b 
cucTeMe m yAa/is?K)T w36biTOHHoe Ko/innecTBo 
MOHOMepa /iK)6bj.^i u3BecTHWM cnoco6oM. Am- 
ny/v/ OTKannBa^OT ao ocxaTOHHoro AaB/ieHun 
10 Topp M HarpesaiOT ao TeMnepaTypw 605- 
620 K co CKopocTbK) 0,5-1 ,0 rpaA/MWH. CwcTe- 
My BbiAep>KMBafOT 15-20 mwh npw 3to* 
TeMneparype w ox/iawAaiOTCO cxopocTbio 0,1- 
0,2 tp3a/mhh ao KOMHaTHOM TeMnepaTypw. 

ripn pea/in3aunn yKa33HHoro cnoco6a 
no/iyneHufl cop6eHTa o6pa3yeTC* cn/ioiUHoe 
paBHOMepHoe noKpwTue, Maxp.oMo/iexy/iw ko- 
Toporo npowHo yAepxusafOT Ha noBepXHocTM 
KpeMHe3eMa.3a cneT xwMMMecKnx CB«3eft. H3- 

6wTOMHOe KO/IMHeCTBO- 030Ha yAa/lSKDT B WH- 

Tepsa/ie TeMnepaiyp ot 200 ao 400 K. BwSop 
A^iana30Ha TeMnepaTyp yAa/ieHua o30Ha 
o6yc/toB/ieH TeM, hto npn hw3ko* TeMnepary- 
pe (< 200 K) 030H, no-BMAMMOMy, npoMHo cop- 
BnpyeTCR KpeMHe3eMOM m n/i'oxo yAa/iaeTca, 
mto npwBOAWT npw wanycxaHUki TeTpa<{>T0p3™- 
nena k B3pwsy, Dpw bwcoxom TeMneparype (> 
>400 K) ycKopaeTCfl rn6e/ib paA"Ka/ioB, o5pa- 

3yK)UJHXCfl 3a CMeT'npoueCCOB B33HM0A6MCT- 

bh« osoHa m KpeMHe3eMa, b pe3y/ibT3Te Mero 
He o5pa3yeTCfl cn/ioujHoro no/wMepnoro no- 
xpwma, mto npMBOAMT x yBe/inweHiiK) Heo6pa- 
tumo* aACop6unn pa3Ae/i«eMbix eemecTB. B 
xanecTBe nepc}>TopMOHOMepa moxho ncno^b- 
30BaTb, HanpuMep, TeTpa^TopaTwneH, rexca- 
4>Topnponn/ieH, AHMep reKcacf)Topnponii/ieHa 
m Apyme. Ko/iMwecTBo nepcf)TopMOHOMepa Me- 
Hee 0,01. t/m HeAOCTaTowHo a/t« chm^ghur 
Heo6paTUMow cop6unn pa3Ae/ineMwx se- 



JMecTB. Ko/iUMecTBo nep^TopMOHOMepa euiue 



u,Ub r/M npuBOAMT k CHM>KeHMK) 3Acop6un- 

OHHOft 6MK0CTM. n P M HarpeBaHUM HOCMT6/1H 

o6pa6oTaHHoro nep^TopMOHOMepoM, sutue 
5 TeMnepaTypw 620 K CHnxaeTc» MexaHUHecKan 
npoMHOCTb no/iHMepHoro noKpumsi, npw^ Ha«^ 
rpeBaHwn H u*e TeMnepaTypw 605 K epeMH 
TepMoo5pa6oTKn yBe/iwnnBaeTCw. BpeMn Tep- 
Moo6pa6oTKn 15-20 mvih BwSpano mcxoaa M3 
10 ^3BecTHbix cxopocTevi pe/iaKcaqnoHNbix npo- 
ueccoB b no/iMMepHOM noxpbiTnn. HarpeB co 
CKopocTbK) MeHee 0,5 u donee 1,0 rpaA/MMH 
Tax^Ke xax m ox/ia^enne cxopocTbio MeHee 
0,1 m donee 0,2 rpaA/ muh, npiiBOAMT k nepaa- 
lb HOMepHOCTn no/)HMepHoro noxpbiTvu?. 

B cooTBeTCTBMM c npeA/iaraeMbiM peiue- 

HMeMJlOpHCTblMH KpeMHe3eMHblMM HOCMTe/lfl- 

mm MoryT AB/iflTbca MaKponopucrwe CTex/ia, 
cn/iMKare/iM, AyiaTOMMTbi c pa3MepoM nop 60- 
20 nee 6 hm. BuSpaHKbie HHrepBaiiy CTpyxTyp- 
Hbix xapaKTepucTMK nopucTOro 
xpeMHe3eMHoro HocnTe/ifl flB/i«ioTcn .onm- 
Ma/ibHbiMw, TaK xax b. c/iywae Ma/rbfx AwaMeT- 

POBnopo.MeHbTpyAHono^yHHTbpaBHOMepHoe 
25 no/inMepHoe noKpwTne. 

PI p m m e p 1. no/iyneHMe copSem-a, 
MMe»omero TO^iuwHy no/iMMepHoro noKpuTna 
10 hm, 10 r MaKponopMCToro CTeK/ia MHC- 
2000 r *J*"iy? Tp nop 200 HM ^ VA.noBepx- 

HOCTb JO M /r), nOMeU43H)T B CTeK/lflHHyiO 

aMny/iy, npwcoeAMHflWT k BaxyyMHofl ycTaHOB- 
xe. AMny/iy HarpeBaioT b necwaHOPi 6aHe ao 
TeMnepaTypw 573 K npn OAHOBpeMeHHOM Ba- 
KyyMwpoBaHMin AoocTaTpMHoro AaB/ieHna 10" 3 
35 Topp, noc/ie nero ssno/iHHjoT. 03ohom (1 r). 
CucTeMy BbiAep>KHBaK)T 5 « npn KOMHaT«o« 
TeMnepaType, n HenpopearwpoBaBujMft 030H m 
neiynwe npoAyxTu peax 4 nn 0 30Ha c xpeMHe- 
3eMOM yfla/ifliOT B.aKyyMnpoBaHweM npn toA 
40 xce TeMnepaType. noc/ie 3Toro b cncTeMy ao- 
6aB/iflK)T 4,6 r TeTpacJjToparn/ieHa, BWAep5KM- 
BawT ao npexpameHHfl naAenna AaBnenm b 
CMCTeMe w yAan«K)T BaxyyMMpoBaHneM H35u- 
TOMHoe xo/iMMecTBo MOHOMepa. AMny/iy oTxa- 

45 V1183K)T AO OCTaTOMHOTO A3B/ieHHfl 10' 3 TOPPM 

HarpeBaHDT A o TeMnepaTypw 620 K co CKopo- 

CTbK) 1,0 rpaA/MMH. CMCTeMy BWAep>KMBaiOT • 

20 mhh npw tom TeMnepaType n oxna>KAaioT ao 
KOMHaTHoft TeMnepaTypw co cxopocrbio 0.1 
50 rpaA/MMH. B pe3y/ibTaTe Taxo* o6pa5oTXM Ha 
noBepxHocTM xpeMHe3eMa o6pa3yeTca nep<|>- 
TopnonnMepnaa n/ieHxa to/iuamhoCi oxo/10 10 
mmh (AaHHwe pryTHoPi nopoMeTpnn), cocTaB 
■ xoTopoA onpeAe/ien MeTOAaMM 3iieMeHTapHo- 
55 ro MnxpoaHa/iM3a ( M ac,%: C 34,2; F 64,9;' O 
0,09). MeTOAOM WK-cnexTpocKonnn b nneHKe 
HawAeHw no/iocw nornoiAeHMfl, cooTBeTCTBy- 
HDinne KO/ie6aHiiflM CBH3efi C-F (1410 cm' 1 ). 
. H p n m e p 2. no/iyneHwe cop6eHTa 
MMe^omero To/imnHy no/iMMepnoro noxpwTMfl 
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2 hm. CuHTe3 eeAYT K3K b npwMepe 1. ho 
BMecTO MnC-2000 TX wcnor.b3yK)T MnC-250 
TX (AwaMeip nop 25 hm, yA.noBepxHOCTb 105 

M 2 /r), H36WTOK 030H3 m /leTynux npOAVKTOB 

peaKquM yAa/i«K)T B3KyyMwpOB3HneM npn T6M* 
nepaType 200 K, a .noc/ie yAa/ieHna 03ona h 
/leiymix n poAyKTOB peaKUnw b cucTeMy Ao6aB- 
/ihk>t 10,8 rTeTpa^TopsTwieHa. B pe3y/ibTaie 
TaKOw o6pa6oTKH Ha noBepxHOc™ KpeMHe3e- 
Ma o6pa3yeTC« neptJrropno/iwMepHaa n/ieHKa 

TO/llAHHOVI OKO/10 2 HM {flBHHUe pTyTHOfc HCpO- 

Meypnn), COCT3B KOTOpow onpe^enen MeTOAa- 

MM 9/ieM6HT3pH0r0 MHKp0aH3/lM3a (m3C%: C 

- 34,3; F - 64.6; 0 - 1,3). WK-cnetap cop6eHTa 
TaKOPi *e, ksk s npuwepe 1. 

n p m m e p 3. nonyneHHe cop6eHTa, 
wMeK)iuero TonmHHy no/MMepHoro noKpbiTua 
5 hm, OmTe3 BeAyT» > npuMepe 1, ho 
BMecTO MHC-2000rX 6epyT MnC-700 rX|A"- 
3M6Tp nop 70 hm, yA.noBepxHOCTb 70 m /r), 
n36biTOK 030Ha vi netynvix npoAYKTOB peaKuwM 
yAa/i*K)T BaKyyMnpoBaHneM npn TeMnepaiype 
400 K, a noc/ie yAaneHWH 030H3 w zieTyMwx 
npoAYKTOB peaKUnvi b cucTeMy Ao5aB/ifl»OT 9,8 
r TeTpa4>T0p3TnneHaB pe3y/ibTaie TaKOti 06- 

pa§OTKM H3 nOBepXHOCTM KpGMH636M3 p6pa- 

3yeTC« nep<t>Topno/iMMepHaji n/ieHKa 
to^imhhom oko/io 5 hm (AaHHbie pTyTHOft nopo- 
MeTpnn), codaB KOTopow onpeAe/ieH MeTOAa- 
mm 3/ieMeHTapHoro MWKpoaHanw3a (Mac.%: C 
- 34.8; F - 64,3; O - 0,9). HK-cneKTp cop6eHTa 
Ta ko\a >K.e, Kax b npvwepe 1. Ha cop&eHTax. 
no/iynenHbix no npwMepaM 1-3, w copSeHTe no 
npOTomny onpeAe/iena' Heo6paTWMan cop5- 

[\VM HyK/ieHHOBblX KWC/lOT, BBnHKDlHaHCH B3>K- 
HblM nOK333Te/l6M K3M6CTB3 C0p6eHT3 M 

paBHOMepHOCTn nonwMepHoro noKpuTus. 

onpeAe/ieHvin Heo6paTWMOvi cop6u^n 
TpaHcnopTHOi/i PHK (tPHK) k 1 r copSeHTa, 
no/iyMeHHoro no npuMepaM 1-3,'npw6aB/iatOT 
5 m/i nponn/iOBoro cnnpTa, Aera3wpy>OT noA 
BaKyyMOM. 3aTeM cnwpT AexaHTwpyjOT, cop- , 
Bern npOMbi b3K)t 0.01 M Tpuc-HCI 6yc))epoM 
(pH - 7,5) n noM6maK)T b KO/iOHKy pa3Mep0M 1 
x 6 cm. Ha KonoHKy HaHOCAT 1 mt'tPHK E.coll 
b 0,5 m/i yK33aHHoro 6y4>epHoro pacrBOpa w 
3/iKDwpyKDT co CKopocTbto 0.5 mh/mhh oSlumm 
o6beMOM 1 0 m/i. floc/ieVroro npou3BOA«T cMe- 
Hy Gy<t>epa (10% nponanona' b 0,01 M Tpwc- 
HC l t pH = 7,5). Co6i4pa»OT 10 m/i anwaia w 
cneKTpo4)OTOMeTpwHecKii onpenennm koh- 
ueHTpauwK) tPHK. Ymho^sa KOHueHTpauuio 
Ha o5^eM 3/uoaia (10 m/i). no/iyHaKrr coAep*a- 
• Hue tPHK u coAep>KaHneM ee b 3n\oaie npeA- 
CT3B/iaeT co6oPi se/iuMWHy Heo5paTMMOw 
cop6uwn tPHK Ha copBeHTe cnHTe3npoB3H- 
hom no npeA^araeMOMy cnoco6y. nonyneH- 
H«e pe3y/ibTaTbi npeACTaeneHW b Ta6/iime. 
' onpeAeneHufl cmkocth copSenTOB no 

tPHKO.1 c cop6eHTa. nonyn^HHoro no npviMe- 



paM 1-3. noMema.JOT b KonoHxy pa3MepaMU 1 
x 6 cm. Ha KonoHKy HaKOCflT 20 Mr tPHK E.coll 
b 1 0 m/i Tpuc-Hcl 6y<t>epa (pH = 7,5). KoHTpo/ib 

33 BMXOAOM TPHK BGAYT C nOMOUJbK) npoTOM- 

5 Horo cneKT-poc()OTOMeTpa c a^mhom AeTeKTwpy 
eMOw bo/ihw 254 hm. Floc/ie HaMa/ia BuxoAa 
nnxa ero co6npaK)T b 25 m/i 3/iK>aia w no we- 
TOAn*e, onucsHHOM Bbioie onpeAe/iflK)T kohh- 

MeCTBO COp6npOBaHHOV1- TPHK. Pe3y/lbT3TW 

10 npeACTaB/ieHbi b Ta6/inue (b nepecnere Ha 1 r 
cop6eHTa). 

Cop6eHTbi, no/iyneHHbie no np^MepSM 1- 
3, 6b!/lH MCnO/lb30B3HbI a^« o6ecco/iMBa"HM«, 
K0HUeHTpVipOB3HHfl M Aen POT e^HM 33UHH 

15 tPHK, 

flpuMep 4.CnHTe3 kbk b npuMepe >, 
ho BMecTO MnO2000rX 6epyr cn/iwKare/ib 
MapKW MCA-750 (AnaMeip nop 560, hm. yA.no- 
BepxHOCTb 66 M 2 /r), a nocne yAa/ieHns osoHa 
20 m neiynm npOAyKTOB peaKunw b cucTeMy ao- 
6aB/iflK)T 6,7r TeTpact)Top3TM/ieHa m BbiAepxn- 
satOT ao npeKpameHua naAeHua A3BneHn^ b 
cudeMe. 3aieM yAa/^K)T M36wTOWHoe Konme- 
ctbo MOHOMepa nyieM BaKyyMnpoBaHH«, OTKa- 
25 hwb3K)T ao A3B/ieHMfl 1 0' 3 Topp n H3rpesaK)T 
AO TeMnepaTypw 605 K co CKOpocTbK) 0,5 
rpaA/MHH. CucTeMy BWAepxwsaiOT 15 mmh 
npn 3tom TeMnepaiype vi oxna>KAaK>T co cko- 
podbK) 0,2 rpaA/MMH ao kom'hstho* TeMnepa- 
30 Typw. B pe3y/ibTaie- TaKovi oGpa6oTKii na 
nOBepXHOCTM KpeMHe3eMa o5pa3yeTC« nep<})- 
Topno/iMMepH3n nneH K3 tohiuhhom oko/io 5 hm 
(AaHHbie piyTHOd nopoMeTpun), cocTas koto- 
poPi onpeAe/ien MeTOAaMM 3neMeHTapHoro 
35 MMKpoaHa/in3a (Mac.%: C - 34,6; F - 64,5; O - 
0,9). V4K-cneKTp copDeHTa t3kow >Ke, Kate vi b 

npuMepe 1. 

n p vi m e p 5. CviHTe3 seAyT KaK b npuMepe 

4, ho BMecTO cw/inKare/ifl MCA-750 6epyT cn- 
40 /iMKare;ib MCA-1500 (nuaMeTp nop 1450 mm, 

yA.noBepxHOCTb 30 m 2 /h), a noc/ie yAa/ieHUfl 
030H3 m neiynux npOAyKTOB peaKUnn 9 cucTe- 
My Ao6aB/ia>OT 6,0 i TeTps^TopsTunena. B pe- 

3ynbT3Te T3K0W 06pa60TKH H3 nOBepXHOCTH.- 

45 KpeMHe3eMa o5pa3yeTca nep4>Topno/inMep- 
Hafl n/ieHKa to/ioiuhom 8 hm, cociaB KOTopofl 
onpeAe/ieH MeTOAaMw aneMeHTapnoro MMkpo- 
aKa/iuaa (wac.%: C - 34-2; F - 64,9; O - 0,9). 
l4K-cne»ap cop6eHTa TaKOw xe, k3k b npuMepe 

50 1. - . 

Cop6eHTbi. nonynenHbie no npiwepaM 4- 

5, ncno/ib30B3r,vi a^« OTAeneHua nr»a3MHA ot 

PHK m 6enKOB. 

n p n m e p 6. CuHTe3 BeAyT xaK b npuMepe 
55 1. HO BMecTO MnC-2000rX 6epyT cu/inKare/ib 
ApMCc^ep Ch^^ (AnaMeTp nop 6 hm, yA.nosep-. 
XHOCTb 220 M 2 /r), a nocne yAaneHus 030Ha n 
ziefyMux npoAy^TOB peanunw b cucTeMy Ao6as- 
naiOT 24 r reKca<})Topnponn/ieHa. B pe3y/ibTa- 
T e t a k 0 w o6pa6oTKw na noBepxHOCTM 
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KpeMne3eMa o6pa3yeTca nepc})Topno/ii/!Mep- 
nafl n/ieHxa to/ilAhhoPi oko/io 2 hm (AaHHbte 
pTyTHOi^ nopoMeipnn), cociaB KOTOpofi onpe- 
Ae/ieH MeTO^aMn 3/ieMeHTHoro MMKpoaHa/iM3a 
(Mac.%: C - 34,6; F - 63,9; 0 - 1.5), HK-cneKTp 
cop6eHTa TaKofl ace, k3k b npiiMepe 1. 

. n p m m e p 7. CnHTe3 BeAyT ksk b npuMepe 
1. ho BMecTo MDC-2'OOOrx 6epyT ci/i/iUKare/ib 
ApMCcf>ep Cn/i 30 CanaMeTp nop 28 hm, yfl.no- 
BGpxHocTb 80 M 2 /r), a noc/ie yAa/ieHwn 030H3 
n zieTynux npoflyKTOB peaxuw/i b cwcTeMy ao- 
6aB/i«K)T 8,6 r flMMepa reKca<t>TopnponM/ieHa 
Wron). B pe3y/ibTaTe TaKOtf o6pa5oTKn Ha 
noBepxHOCTM KpeMHe3eMa o5pa3yeTc« nepc)>- 
Topno/WMepHa* n/ieHKa to/iihwhoi/i oko/io 2 
hm (flaHHwe pTyiHoCH nopoMeTpnn), cociaB ko- 
Topoa onpeflenen MeTOflaMM 3/ieMeHTHoro 
MviKpoaHa/in3a (Mac.%: C - 34,6; F - 64.6; 0 - 
1,0). 1/lK-cneKTp cop6eHTa Taxofi we, kbk b 
npuMepe 1, 

CopOeHTu, nonyneHHbie no npuMepaM 6- 
7, ncno/ibsyKDT fl/in o6pameHHo-4>a30Boa xpo- 
MaTorpa^^M nemuAOB, o/iwroHyx/ieoTHAOB, 
6e/iK0B t BUTaMUHOB m Apyrux 6uo/iornHecKu 

3KTMBH blX BemeCTB. 

fl pMM e p 8. CnHTe3 BeAyT KaK e npuMepe 
1, ho BMecTo RC-2000rX 6epyTflnaT0MMT(fln- 
aMeTp nop 800 hm, yfl.noBepxHocTb 2 M 2 /r), a 
noc/ie yAa/ieHvia 030Ha v\ /leTymix npoflyKTOB 
peaKUMM b cudeMy Ao6a8/iflK)T 1,1 r TeTpac})- 
Top3TM/ieHa. B pe3y/]bTaie TaKOti o6pa6oTKn 
Ha noaepxHocTn KpeMHe3eMa o6pa3yeTCfl 
nepcj>Topno/iMMepHafl n/reHKa to/ilahhoA oko- 
no 10 hm CaaHHbie ptvthom nopoMeipnw), co- 
CTa.B KOTopoi/i onpeAe/ieH MeTOflaMn 
3/ieMeHTHoro MHKpbaHa^w3a (Mac.%; F-64,0; 
C - 64,8; O - 0,8). WK-cneKTp copESeHta TaKofi 
*e, K3K b npuMepe 1. CopSeHT, no/iyMeHHuft 
no npwMepy 8, mo>kho wcno/ib30BaTb iok ho- 
cuTe/ib Ana ra30Bow xpoMaTorpa<J>t/m. 

I! p M M e p 9. HpOBOflflT KOHMeHTpupoBa- 
Hue, o6ecconnBaHne m AenpoTewHH3ai4wo 
tPHK, Mcno/ibsya 2 r cop6eHTa, npuroTOB/ieH- 
Horo b cooTBCTCTBMn c npuMepaMH 1-3 no 
c/ieAy>oiLieti cxeMe; CHana/ia npuBOA^T ko/ioh- 
Ky b cocTOAHne paBHOBecua c 0,01 m Tpuc-HCI 
6y4>epOM (pH - 7,5) no MeTOAwce, onucaHHoi/i 
b npuMepe 3. 3aieM npOKaMHB3K)T 100 Mr co- 
zieBoro-pacTBopa tPHK, 3arpfl3HeHHOtf npw- 

MeCHMH 6e/lKOB. ripM 3TOM tPHK 

KonnMecTBeHHO cop6MpyeTc« Ha xo/iOHKe. a 



conU BbiMbfBaKDTca ncxoAHbiM 6yc(>epoM. rio- 
c/ie no/iHoro o5ecco/inBaHWH (KOHTpo/ib BeAyT 
no 3/ieKTponpoBOAHoc™ 3/iioaTa) aACop6npo- 
eaHHaq tPHK BbiMWBaeTca 10%-hwm pacTBo- 
5 pom nponaHO/ia b wcxoahom 5y<J>epe b o6v.eMe 
5 M/i. TaKMM o6pa30M, OAHOBpeMeHHo npoMc- 
xoamt AenpoTenHM3aMMA tPHK m ee kohlisht- 
pupoBaHvie b,20 pa3 3a 4,0 mmh. Ko/iOHKy 
mo^ho pereHepuppsaTb rpaAneHroM KOHqeH- 
10 Tpamiw (ot 0 ao 50%) aueTOHWTpw/ia oSuw'm 
o6beMOM 3/i»oeHTa 100 m/i co CKopocTbK) 200 
m/i/m, noc/ie ^ero ee mo*ho Mcnonb30BaTb no- 

. BTOPHO. 

FlpuMep Mcno/ib30BaHn« cop6eHTOB T no/i- 
15 yneHHbix no npuMepaM 4-5/a/i« BWAe/iennfl 
n/ia3MHA, 

n p \a m e p 10. npoBOA^T osMCTKy n/iaa- 
mma ot PHK n 6e/iKOB. Ha ko/iohkv, coflepjKa- 
iqy»o2 rcop6eHTa, no/iyqeHHoro no npwMepaM 
20 4-5 m ypaBHOBeujeHHyio 0,01 m tpmc-HCI 6y- 
(j>epoM (pH « 7,5) no MCTpAUKe, onwcaHHofi b 
npuMepe 3, HaHoc«T.5 m/i 0CBeT/ieH hofo nw- 
3aia n^a3MMAbi pBR (60 Mr). n/ia3MHAa 3^K>a- 

TUpyeTCfl HCXOAHblM 6y<t>epOM. CO CKOpoCTbK) 

25 1 00 m/i/m. Co6npaiOT cf)pa kumk) o6beMOM 25 m^- 
c MOMeHTa Hana/ia BbjxoAa nuKa. TIpn stom 
PHKm 6e/iKn ocTaK)TC?i na KonoHKe. Ee mo>kho 
pereHnpoBaTb no MeTOAUKe, onvicaHHoft b 
npuMepe 9. f1poAO/i>KMTe^bHocTb ecero unK/ra 
30 cocTaB/iaeT oko/io 1 m, noc/ie Mero mo>kho cpa- 
3y HanaTt HOBbtPi. 

npwMepbj ncno/ib30BaHMA cop6eHT/OB, 
no/iyneHHbix no npuMepaM 6-7. 

fl p m m e p 11. TIpoBOAflT pa3Ae/ieHne 
35 neninflOB Ha Ko/ioHKe (2 x 65 mm), 3ano/iHe*- 
ho.i?i cop6eHTOM, .nonyMeHHbiM no npuMepaM 
4-5. 3/i foaun jo BeAyT rpaflneHTOM KonueHTpa- 

-UMi?l(0-50%)aMeTO.HMTpH/ia B 1 %-HOfiT|>M(J)TO- 

pyKcycHofi Kwc/iOTe o6u4mm o6beMOM 3/iK)eHTa 
40 2400 mk/1. nopwAOK BbixoA3 nenTWAOBi A-uenb 
MHcy/inHa, BpaAMKMHUH, B-^e^b viHcy/inHa, 

/1M30UWM, HaMBHbl^ t4HCy/lMH (CBMHOPt). 

n p w m e p- 12. npoBOAHT.pa3Ae/ieHwe 

>KWpopaCTBOpMMblX BMTaMMHOB H3 KO/IOHKe (2 

45 x 65 mm), 3ano/meHHo& cop6eHTOM t no/iyneH- 
HbiM no npwMepaM 6-7.' S/iigaqtiK) BeAyT CTy- 
neHMaTWM rpaA^eHTOM KOHqeHTpaunPi 
(40-100%) aueTOHMTpn/ia (pH = 8,0) co CKopo- 

■ CTbKD 100 MK/l/MHH06lAHM06beMOM 2400 MK/1. 

50 flopsAOK BbixoAa BUTaMUHOB" BvrraMWH A, bm- 

T3MHH E, BHT3MMH K. 
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BeflMMMHa HeoSpaTMMoCi cop6unn tPHK Ha copoemax no nptwepaM 1-3 w eMKOdb cop6enTOB 

no tPHK 



PIpuMep 


Heo6paTHMan cop5uun. 
Mr/ r 


EMKOdb no tPHK, 
Mr/r 


1 


0.08 


65 


2 


0,13 


200 


3 


0.09 


125 


npOTOTMH 


0.40 


40 



<D o p m y n a M3o6peTeHM 

cnocoB no/iyHEHUfl moamomum- 

POBAHHOfO KPEMHE3EMHOTO COP- 
5EHTA, BK/iK)MaKDmn^ . aKTMBauwo . nopw- 

CTOPO Kp6MHe3eMHOrO HOCMTe/lfl M 

o6pa6oTKy nepcJrropMOHOMepoM, onv)ma>o- 
ujMficx TeM, hto, c ue/ibK> noBbnueHun 

aACOp6UVlOHH0fi 6MKOCTH M CHHtteHVia He- 
oSpaTKMO* COp^UUM . HO OTHOWeHWW K 

6nono/inMepaM, aKTWBaumq ocytuecTB/iflKrr 
o30hom c noc/ieAyiotuviM yAaneKneM neiy- 
mux npoAyKTOB peaKUMM 030H3 c xpeMHe- 



^sSuTKa 030Ha npw TeMnepaTy- 
pe . 200 - 400' K, o6pa6oT*cy 
nep4)TopMOHOMepoM Be Ayr M3 pacneia 
0,01 - 0,05 r Ha 1 m noBefixHOCTVi 
KpeMHe3eMa c noc/ieAy»oimiM yAa/iemieM 
HenpopearnpoeaBUjero MOHOMepa, w o6pa- 
6oTaHHwvi KpeMHe3eM warpeBaKrr co cko- 
podbio 0,5 - 1,0 rpaA/MHH ao TeMnepa- 
Typu 605 - 620 K, BUAepwviBaKrr 15 - 20 

MMH M 0X/13)KAaK)T CO CKOpOCTbK) 0,1 

0,2 rpaA/MUH ao KOMHa-moft TeMnepaiy- 
pu. 



I 

C0CT3BMTe/lb T.HW/1HKHH3 

PeAaxTop T./lowxapesa TexpeA M.MopreHTa/i ' Koppexrop M.KepeqM3H 

3axa3 1099 Twpax floAnwCHoe 

HHO "noncx" PocnaTeHTa 
1 13035, MocxBa, X-35, Payujcxan Ha6.. 4/5 
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